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Abstract 
A lot of research has been given to the use of copepods in saltwater aquacultures; however there 
is also a demand for freshwater fish that could also potentially benefit from being fed copepods. 
Acartia bifilosa is a robust species in regards to their salinity stress and are as such potential 
candidates to utilize in freshwater aquacultures if they are capable of hatching and surviving for 
long enough to allow the fish larvae to ingest them. Sediment from Umeå, Sweden, was 
investigated under the assumption that it contained eggs from A. bifilosa. The sediment was 
distributed into 6 different salinities (0, 1, 7, 15, 30 & 40ppt), with the salinity of 7 being the 
control, where the eggs were allowed to hatch and after approximately 3 days the number of 
nauplii was counted. 
The copepods from the sediment turned out to handle all salinities relatively well, with hatching 
and survival in all 6 salinities, the lowest survival was seen at the extremes (0, 1 and 40 ppt), with 
hatching success at around 20-30%, and the highest hatching rates were seen in between at 
approximately 80-90%. To confirm if the copepods in the sediment were truly A. bifilosa, some 
sediment was used to hatch copepods to use for the identification of potential species in the 
sediment. Two species turned up in the sediment, being the assumed Acartia bifilosa and 
Eutymora affinis, another common copepod in the baltic. The distribution of the two species was 
roughly 1 E. affinis for every 5 A. bifilosa. The results from this study indicate that Acartia bifilosa 
has the potential to be used in freshwater aquacultures assuming its nutritional values were 
acceptable, as it both hatches and survives in fresh water. 
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1. Introduction 
As the global population keeps growing, so does the need for fish, and the general consumption of 
fish per capita has also been going up as seen by the increase in the average yearly consumption 
of fish globally from 9 kg annually in the 1960s to 16.3 kg annually in 1999 (Rana, et al., 2009).  
However, without aquaculture, meeting this ever increasing demand will simply not be possible. In 
1970 the aquaculture (excluding aquatic plants) output accounted for just 3.9% of total fisheries 
production. In 2001, however, the proportion had increased to 29% and 5 years later in 2006 36% 
(Rana, et al., 2009). These 36% accounted for 66.7 million tonnes with a growth of approximately 
9% yearly while still increasing its contribution to the total fisheries production proportionally 
(Rana, et al., 2009). 
This impressive growth is however almost exclusively happening in Asia, as they produce 92% of 
the worldwide aquaculture production. While the production in Europe is also growing, it is only 
currently at a 2.2% of the total worldwide aquaculture production (Rana, et al., 2009).   
One problem the growing aquaculture industry is facing, however, is that currently the feed used 
accounts for more than 50% of the total production cost, and recently the price of the ingredients 
for the feed have been increasing as seen by the increase of 20-92% from 2007 to 2008 (Rana, et 
al., 2009). This is why using proper first feed, such as copepods, instead of other substitutes that 
often require nutritional enhancements, for aquaculture in general, could vastly improve the state 
of aquaculture fish production. 
Copepods are currently being cultured for marine fish aquaculture and the use of copepods is 
increasing (Peck & Holste, 2006). Sometimes, the live feeds that the fish larvae would normally eat 
in nature (primarily copepods) cannot be replaced, and this is due to the significant behavioral and 
biochemical characteristics needed to properly develop the fish larvae. Rotifers are typically used 
to feed the fish larvae. Artemia are also utilized, but the size of Artemia is quite big as a prey item 
to be used for the early days of feeding the larvae. An alternative to the currently used Artemia 
and rotifers could be copepods (Drillet, et al., 2006).  
Zooplankton, such as the copepod nauplii, play a very important role in the diet for most marine 
fish larvae, and copepods are thought to have the sufficient nutritional values that is needed by 
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the fish larvae (Evjemo, et al., 2003). Several studies were done to examine how effective 
copepods are as live feed (Marcus & Murray, 2001).   
Highly unsaturated fatty acids, typically docosahexaenoic acid (DHA) and eicosapentanoic acid 
(EPA), are important components to the fish larvae’s development. If the fish larvae are not 
provided with the required concentration of DHA and EPA, it is thought to affect the development 
of their vision and neurons. Another undesirable implication that may arise is that certain flatfish 
larvae may end up with abnormal pigmentation (Sargent, et al., 1999). One study (Figure 1) 
compared the biochemical differences between copepods and rotifers, and the copepods ended 
up showing a higher content of essential fatty acids (DHA and EPA) compared to the rotifers 
(Drillet, et al., 2006). A study was done (figure 2) to show how the dhufish larvae performed when 
they were fed with rotifers alone, and then a mixture of rotifers and copepods. The length of the 
dhufish larvae was greater when fed with a mixture of copepods and rotifers, than when they 
were fed with rotifers alone. In addition, the dhufish larvae had a much higher survival when fed 
with a mixture of copepods and rotifers, than when fed with rotifers alone (Figure 3) (Payne, et al., 
2001). This demonstrates that copepods are superior to rotifers as live feed. 
 
Figure 1 Amount of DHA and EPA in 2 species of live copepod and rotifers, as a percentage of the entire fatty acids (Drillet, 2006) 
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Figure 2 Length of dhufish larvae when fed with a mixture of 50% rotifers and 50% copepods, compared to fed with rotifers 
alone (Payne et al., 2001) 
 
Figure 3 Percentage of surviving dhufish when fed with a mixture of 50% copepods and 50% rotifers compared to a rotifers alone 
(Payne et al. 2001) 
 
In the animal kingdom, copepods are found to be the most abundant metazoans on earth (Turner, 
2004). They play a vital role in marine food webs as they provide a trophic connection between 
the phytoplankton and most fish larvae (Holste & Peck, 2006). Despite the fact that they are highly 
preyed upon by larval fish and different marine organisms, copepods are able to reproduce rapidly 
to outweigh the losses in population size caused by predation (Turner, 2004). Because of this rapid 
reproduction and their superiority to both rotifers and artemia, copepods could potentially be 
utilized as first feed for fish larvae instead of rotifers and artemia in aqua cultures. Therefore, 
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more research regarding the effects of abiotic factors, such as salinity on the hatching rate of 
copepod eggs, can prove to be very essential, if we desire to properly utilize the copepods for 
aquacultures. The reason for this is that eggs can be stored in a cool, dark and anoxic 
environment, for an extended period of time, which means they can be shipped to the 
aquaculture facilities, where the live feed can be provided through egg hatching. 
There are two types of resting eggs that are seen under different environmental factors: diapause 
and quiescent eggs. Diapause eggs are genetically determined, whereas quiescent eggs are 
controlled by the environment (Uye, 1985).  
Diapause is a complex adaptive response, which shows as arrested development to environmental 
cues, such as temperature and photoperiods. This happens to avoid situations where these 
environmental factors can be detrimental to development, giving the individual time to adapt 
(Grice and Marcus, 1981). Under diapause, the embryo is characterized by the absence of RNA, 
DNA and protein synthesis and morphogenesis, and almost no metabolic rate. Diapause ensures 
long term viability and it synchronizes the life cycle with the environment of the species. (Grice 
and Marcus, 1981). Because diapause is a genetic response, every diapause egg is at the same 
developmental stage, this means that when the eggs are set for hatching, they will all hatch at the 
same time. 
Quiscence is retarded development, and is a response in subitaneous eggs, to adverse 
environmental conditions, such as extreme temperatures, salinity, pH and oxygen concentration. 
Individuals undergoing quiescence does not undergo acclimation, and resumes development 
without any lag, when the conditions are again favourable.  Quiscence does not, as diapause, 
ensure long term viability (Grice and Marcus, 1981).If there is quiescence eggs in the samples, the 
eggs will be at different developmental stages, and when set for hatching, they won’t all hatch at 
the same day but will be spread out over more days and maybe even months. 
The sediment used for this study came from Umeå, Sweden, which had a salinity of 7ppt. Acartia 
bifilosa is expected to be present in the sediment. On the other hand, other copepod species may 
be present as well.  
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For instance, Eurytemora affinis prefers salinities lower than 6.5 ppt, and since the sediment is 
taken from the Baltic, which has low salinities, it is expected that the E. affinis is present along 
with A. bifilosa to some degree (Viitasalo, et al., 1994). In general, more research has been done 
on other Acartia congeners, such as Acartia tonsa, compared to A. bifilosa.  
A great deal of attention has been dedicated to the studying of the effects of different factors, 
such as temperature and salinity, on egg production and the success rate of the hatching of the 
copepods (Holste & Peck, 2006). A. Bifilosa are found in a widely spread ranges of salinities 
because of their geographic distribution  (Chinnery & Williams, 2004).This makes it relevant to 
study this species more in depth as to get a greater understanding of how it handles extreme 
salinities, and to see if it could potentially be utilized for fresh water aquaculture.  
In this study, eggs of A. bifilosa will be exposed to different salinities ranging from freshwater (0 
ppt) and hyper saline water (40ppt) and note if they are capable of hatching at all the different 
salinities, as well as potentially look at if they can survive after hatching in either of the two 
extremes. 
1.1 The scientific questions 
How viable is A. bifilosa as potential first live feed for fish larvae in fresh-water aqua cultures? 
-What kind of species of eggs are found in the sediment used for this experiment? Are the eggs A. 
bifilosa exclusively? 
-Which egg types does the sediment contain? 
2. Method & Materials 
For all the experiments in this study, eggs from the presumed species A. Bifilosa were used and 
were taken from Umeå, Sweden. The sediment containing the eggs that was used was kept in 
containers and at 5 °C in the dark. The first step for the experiments was to produce water at the 
exact salinities needed (0, 1, 7, 15, 30 and 40ppt) with 7ppt being the control salinity. For the 
salinities of 0, 1, 7 and 15 ppt, this was done by mixing 0.2 µ filtrated sea-water from Roskilde 
University (RUC) with fresh water from Maglekilden, a spring in Roskilde city, until the desired 
salinity was reached and in a sufficient volume.  
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The spring water was collected using 10 l carboys. For the 30ppt water, 0.2 µ filtrated salt-water 
from RUC was used and for the 40ppt, the 30ppt water was evaporated, using hot-plate stirrers 
combined with air stones, in order to increase the concentration of salt compared to the volume 
of water until the desired salinity of 40ppt was achieved. 
The spring water from Maglekilden was used because crustaceans require certain minerals to be 
present in the water they live in, such as calcium, to properly develop and therefore using 
demineralized water would not be optimal. On top of this using tabbed water would’ve left some 
uncertainties due to how varying tabbed water can be in terms of its contents. 
For the first experiment, the sediment was homogenized to ensure an equal distribution of eggs 
throughout the sediment, and this was accomplished this by stirring the sediment manually with a 
spoon. After homogenizing the sediment, it was distributed into 24 containers (4 replicas for each 
salinity) and the wet-weight (WW) of the sediment for each container was measured.  
Shortly afterwards, 300 ml of water of the appropriate salinity was added to the respective 
containers on top of the sediment. The containers were placed onto a stirring table to ensure a 
smooth distribution of sediment at the bottom of the container as well as slight water movement. 
The containers were then left overnight and emptied every following day by pouring the water 
into a folsom plankton splitter while avoiding pouring the sediment out with the container as to 
only get potentially hatched nauplii that had left the sediment. The water was distributed evenly 
into two sub-samples and poured through a 56µm mesh in order to filter the hatched nauplii from 
the water. The mesh was emptied and cleaned with a squeeze bottle containing the appropriate 
salinity, and the hatched nauplii were put into marked petri dishes. After emptying all containers 
they were once again filled with new water of the appropriate salinity and returned to the stirring 
table.  
One half of the 48 sub-samples were then euthanized with an iodine solution of Lugol’s iodine in 
order to count them while the other half of the sub-samples were kept alive in order to observe 
how the nauplii coped with their respective salinities. Nauplii were observed and counted under a 
dissecting microscope at x40 magnification. 
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The second experiment was almost identical to the first experiment with the exceptions of that 
the amount of sediment used was increased and it was decided to count the number of nauplii 
that died in the live sub-samples (without iodine) and relate that count to the total number 
individuals in the sample.   
Together with weighing the WW of the sediment distributed into each container, the dry-weight 
(DW) of the sediment was also measured by placing a known amount of pre-weighed sediment 
(n=3) in an oven at 105°C overnight. The WW measurements for the samples were thereby 
converted to DW through an obtained conversions factor of 0.23.   
The third experiment was conducted to test the relative species distribution in the sediment 
containing the eggs. The experiment primarily followed the same initial procedure as the two 
previous of making sure the sediment was homogenized before distributing it to multiple 
containers.  
However, this time all containers were at the same salinity to mimic the salinity the eggs would 
have experienced in nature (7ppt) in order to give the eggs optimal conditions for development. 
After allowing the eggs to hatch, the copepods were collected into one beaker where they were 
provided with air from an air stone and pump, and fed algae of the genus Rhodomonas. Samples 
were taken after 1, 7 and 9 days. The samples were inspected and counted as well as pictures 
were taken of the copepods using a dissecting microscope (Nikon SMZ18) equipped with a Nikon 
digital camera (DS-Fi2).  
2.1 Statistics 
Statistical analysis was done to determine if the differences observed were caused by the 
treatments or if it was due to natural variation. 
The statistical analysis started out by testing for normal distributions, and if the p-value was less 
than 0.05 the sample was not normally distributed. When the samples proved to be normally 
distributed, a Levene’s test was used to test for equal variance. If the p-value was higher than 
0.05, a one-way ANOVA was used and if the p-value was lower than 0.05 a non-parametric 
Kruskal-Wallis test was used followed up by a Conover-Inman pairwise comparison test. The 
statistical analyses were carried out using the software Systat 13.     
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3. Results 
3.1Species determination experiment 
Day 1 
In figure 4, the pictures of copepods from day 1 of development is shown. The notable difference 
is that B has a spike located at its urosome, which A does not have. The average length of nauplii A 
was 116.5 µm and of nauplii B was 112.5 µm, which indicates that they are at nauplii stage 1 or 2. 
 
Figure 4 copepod nauplii on day 1 of development A and B 
Day 7 
In figure 5, the pictures of copepods from day 7 of development are shown. The notable 
difference is that B has a spike located at its urosome, which A does not have. The average length 
of nauplii A was 272.5 µm and of nauplii B was 325.0 µm. 
 11 
 
Figure 5 copepod nauplii on day 7 of development A and B 
Day 9 
In figure 6, the pictures from day 9 of development are shown. The notable difference is that A is 
more slender and bulletshaped than B’s more dropped shaped body. The antenna of B is also 
distinctly different from A’s; they are differently shaped, and shorter and thicker than the ones on 
A. The average length of A copepodite was 475.0 µm and of B copepodite was 433.3 µm.  
 
Figure 6 copepodites on day 9 of development A and B 
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Figure 7 shows the relative abundance of copepods representing type 1 and type 2, found in the 
samples at day 7 and 9 of development. 
 
Figure 7 Relative abundance of type 1 and type 2 copepods at day 7 and 9. 
 
3.2Hatching duration 
Figure 8 and 9 illustrate that, in both experiments, a vast majority of the hatching was measured 
after 72 hours. Besides the 72 hour sampling, not much hatching was seen. So in working with the 
data observed, there will be a focus on the results for the samples from 72 hours in both 
experiments. In experiment 1 there was a slight hatching after 72 hours and the hatching was 
distributed between all the salinities, but it was observed I too few replicas to make any worth-
while comparisons. 
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Figure 8 Number of nauplii hatched over time at all salinities in the first experiment
 
Figure 9 Number of nauplii hatched over time at all salinities in second experiment 
 
3.3Salinity hatching experiment 
As shown is figure 10, hatching was observed at all salinities. In this experiment, the highest 
hatching success was at 30 ppt. Judging by the standard deviations, salinities 7, 15, 30 and 40 
seems to have similar hatching successes. Statistically, there is no significant difference (p: >0.055, 
One-way ANOVA) between the recorded hatching rates of the all the salinities. 
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Figure 10 Nauplii  g
-1
 ww sediment ± std. deviation, 7 ppt is regarded the control and represents 100% hatching 
 
 
Figure 11 shows that there is hatching at all salinities, and there is no significant difference 
(p>0.05, Kruskal-Wallis NP test) in the hatching rate for 7, 15 and 30 ppt, while 0, 1 and 40 ppt 
shows a significantly lower hatching rate than the control (p<0.05, Kruskal-Wallis NP test). 
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Figure 11 Nauplii  g-1 dw sediment ± std. deviation, 7 ppt is regarded the control and represents 100% hatching 
 
During experiment 1 and 2, 100% nauplii survival was observed in the samples  at all salinities. 
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4. Discussion  
On day 1, after hatching eggs for experiment 3, there were 2 types of nauplii in the samples. The 
notable difference between the two types of nauplii was that nauplii B had a spike located at its 
urosome which Nauplii A lacked.  The B nauplii from figure 4 also resembles NII of the species E. 
affinis as seen in figure 12 while the A nauplii from figure 4 also resembles the NI of A. bifilosa as 
seen in figure 12. This further indicated that the sediment contained the two species of copepods, 
potentially E. affinis and A. bifilosa.  
 
Figure 12 E. affinis nauplii at stage N2 and A. bifilosa nauplii at stage N1 
On day 7 after hatching, there was once again found 2 different types of nauplii, and the nauplii 
had grown considerably in size from averagely 114.5 µm to 298.75 µm. The most notable 
difference between the two was once again a spike located near the urosome as seen in figure 7 
with nauplii B. This spike was once again only found with nauplii B and not nauplii A. 
It was on day 9 that it became clearer that the two species found in the sediment indeed were E. 
affinis and A. bifilosa as the B copepod seen in figure 6 resembles an adult E. affinis copepod as 
seen in figure 13.  In the sample from day 9 we also counted 135 total copepods with 23 of them 
being type 2 copepods meaning that the sediment approximately contains 17 % E. affinis and 83% 
A. bifilosa. These percentages also add up with what is seen in the literature, considering that the 
sediment was gotten from waters around the salinity of 7 it makes sense that A. bifilosa is the 
most dominant considering that E. affinis typically found at salinities of 6.5 or lower (Viitasalo, et 
al., 1994).  
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Figure 13 Copepod of the species Eurythemora affinis edited from (USGS, 2013) 
 
From the results regarding which time-point the nauplii hatched, it can be argued for which kind of 
eggs were in the sediment that was used for the experiment. The synchronous hatching which can 
be seen in (figure 8) and (figure 9), shows that the eggs in the sediment were indeed diapause 
eggs as this synchronous hatching after being warmed up from 5 degrees matches what is 
described in the literature (Marcus, 1979).  
If it had been quiescence eggs, the eggs would have been at different developmental stages, and 
therefore hatch at different times, and have given an overall broader hatching spectrum. 
However, there might still be quiescence eggs in the sediment and some of the hatched copepods 
might also have been from quiescence eggs, but in this study there was far from enough time to 
properly do an experiment to test and see how many of the eggs in the sediment potentially could 
have been quiescence eggs due to how time consuming that could end up being. If one wanted to 
do that, it would have to be done by doing a long-term experiment where the number of hatched 
nauplii is checked daily for an extended period of time to get an idea of roughly how many eggs 
are diapause and how many eggs are quiescence eggs. 
The results from experiment 1 show no significant differences between the hatching successes at 
the different salinities. This means that the hatching success does not depend on the salinity of the 
water. This is consistent with an experiment made by Chinnery and Williams (2004). They tested 
the hatching success and nauplii survival in Acartia spp collected from Southampton Water.  A. 
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bifilosa was one of the species tested in this experiment, where the hatching success and nauplii 
survival was tested at 4 salinities (15.5, 20.6, 25.1 and 33.3 psu). However, even though the results 
from that experiment seem to match up with what was seen in this study it is still surprising that 
even at both extremes there are still no significant differences. The results from the hatching 
success for A. bifilosa, showed the there was no significant difference in hatching success between 
the salinities. Even so, the experiment showed that the tested salinity had no significant effect on 
the hatching success of A. bifilosa.  
The results from experiment 2 show no significant differences between hatching success at the 
control salinity of 7 ppt and 15 and 30 ppt. So at these three salinities, the salinity does not have 
any significant influence(p>0.05, Kruskal-Wallis NP test) on the hatching success, which is 
consistent with the results observed by Chinnery and Williams (2004). The experiment in this 
study, however, shows a significant difference between the control and the freshwater salinities (0 
and 1 ppt) and 40 ppt. This shows that these salinities do inhibit the hatching rate of A. bifilosa. 
This means that experiment 1 and 2 tells two different stories. This could possibly be because 
experiment 1 contained far less sediment and, in turn, far less eggs whereas experiment 2 had 
more sediment and thus more eggs. This could potentially lead to higher chances of experiment 1 
being more heavily influenced by natural variation. 
The experiment by Chinnery and Williams (2004) differed from the experiments in this study, in 
where the copepods originated from. The copepods used in the Chinnery and Williams (2004) 
experiment originated from Southampton Water in England, which has a salinity that fluctuates 
around 30 ppt, whereas the eggs tested in the experiments in this study originate from Umeå, 
Sweden, where the salinity fluctuates around 7 ppt. The lower salinity in the waters near Umeå, 
Sweden, gives the experiments in this study a control salinity that is lower than the salinities 
tested by Chinnery and Williams (2004).  
The second experiment shows that the lower and the higher salinities do inhibit the hatching rate 
of A. bifilosa compared to salinity 7. These salinity ranges could be researched with a culture of A. 
bifilosa where one can be certain of which copepods are in the samples, because in this study it is 
impossible to be entirely certain if the existence of E. Affinis had any influence on the results. 
However, if one had the time to redo the experiment it would be possible to look through each 
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salinity and see what kind of distribution of copepods one would find at the different salinities, for 
example if one would find 50% E. affinis and 50% A. bifilosa at 1 salinity while 20% E. affinis and 
80% A. bifilosa is observed at 7 salinity.  
However, assuming that E. affinis had no impact on the results, they show that A. bifilosa have no 
major problems with hatching at either of the extremes (0 and 40 ppt) as it hatched, albeit with a 
slightly decreased success at both extremes. 
So far, this study shows that A. bifilosa has the potential of being used as live feed in freshwater 
aquacultures. Though there is a tendency towards a lower hatching rate at these salinities, so 
there would be a need for a lot more eggs, than there would be at the higher salinities (7, 15 and 
30 ppt).  
A. bifilosa shows a broad tolerance to salinities, which makes it potential candidate for live feed in 
aquacultures. A. bifilosa even shows a trend of surviving after hatching for up to 24 hours, which 
gives the fish larvae plenty of time to ingest the nauplii. Another approach to further studies 
would be to potentially make a study that looks at how they cope with the various salinities after 
hatching. 
5. Conclusion  
The sediment from Umeå, Sweden, used for the experiments, turned out to contain two different 
species of copepods. The vast majority of the eggs also seem to have been diapause considering 
their synchronous hatching. 
One species found in the sediment was the species that the sediment was expected to have, A. 
bifilosa, and the other species was E. affinis. The sediment contained approximately 17% E. Affinis 
and 83% A. bifilosa.  
Judging by the observations in this study it can be concluded that A. bifilosa are an incredibly 
robust species of copepods that can hatch at all salinity ranges between 0ppt and 40 ppt. And 
although the two species were not properly distinguished in regards to the different salinities, 
there is a chance that E. affinis are just as robust at the lower salinities, as A. bifilosa is. 
They are possibly quite viable as first feed for fish larvae in fresh-water aqua cultures considering 
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that they hatch in freshwater and even survive for a considerable amount of time after hatching 
(within 24 hours) which gives the fish larvae time to ingest them after hatching. 
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Appendix A 
 
 
 
 
sample sediment weight starting time sample taken at nr nauplii dead sample taken at nr nauplii dead
0*1 4,2 10.55 13.09 0 0 12.43 0 0
0*2 3,77 10.56 13.13 0 0 12.45 0 0
0*3 3,61 10.57 13.18 0 0 12.47 0 0
0*4 3,37 10.57 13.22 0 0 12.48 0 0
1*1 3,74 10.52 13.23 0 0 12.49 0 0
1*2 4,18 10.52 13.26 0 0 12.52 0 0
1*3 3,83 10.52 13.28 0 0 12.53 0 0
1*4 4,6 10.53 13.30 0 0 12.54 0 0
7*1 3,46 10.46 13.33 0 0 12.56 0 0
7*2 3,72 10.46 13.35 0 0 12.59 0 0
7*3 3,66 10.47 13.37 0 0 13.01 0 0
7*4 2,8 10.47 13.38 0 0 13.02 0 0
15*1 3,4 10.28 13.41 0 0 13.03 0 0
15*2 3,36 10.29 13.43 0 0 13.07 0 0
15*3 3,59 10.30 13.45 0 0 13.08 0 0
15*4 2,98 10.31 13.48 0 0 13.09 0 0
30*1 2,92 10.35 13.49 0 0 13.09 0 0
30*2 3,82 10.35 13.51 0 0 13.11 0 0
30*3 3,32 10.36 13.53 0 0 13.12 0 0
30*4 3,84 10.37 13.55 0 0 13.13 0 0
40*1 3,56 10.40 13.57 0 0 13.14 0 0
40*2 3,6 10.41 13.59 0 0 13.16 1 0
40*3 3,33 10.41 14.00 0 0 13.17 0 0
40*4 3,52 10.42 14.02 0 0 13.18 0 0
20-mar 21-mar
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sample taken at nr nauplii dead sample taken at nr nauplii dead
10.07 3 0 11.04 0 0
10.10 2 0 11.06 0 0
10.18 1 0 11.08 0 0
10.20 2 0 11.10 2 0
10.24 0 0 11.12 0 0
10.26 2 0 11.13 0 0
10.27 1 0 11.14 0 0
10.28 3 0 11.15 0 0
10.30 2 0 11.17 0 0
10.32 3 0 11.18 0 0
10.33 5 0 11.19 0 0
10.34 2 0 11.20 0 0
10.36 5 0 11.22 0 0
10.37 2 0 11.23 0 0
10.38 3 0 11.24 0 0
10.39 5 0 11.25 0 0
10.41 6 0 11.26 0 0
10.43 6 0 11.27 0 0
10.44 3 0 11.28 0 0
10.45 11 0 11.29 0 0
10.46 4 0 11.30 0 0
10.47 10 0 11.31 0 0
10.49 3 0 11.32 0 0
10.50 2 0 11.34 0 0
22-mar 23-mar
sample taken at nr nauplii dead sample taken at nr nauplii Dead
12.08 0 0 10.16 0 0
12.10 0 0 10.18 0 0
12.11 0 0 10.20 0 0
12.12 0 0 10.23 0 0
12.14 0 0 10.25 0 0
12.15 0 0 10.26 1 0
12.16 0 0 10.28 0 0
12.17 0 0 10.30 0 0
12.19 0 0 10.33 0 0
12.20 0 0 10.35 1 0
12.21 0 0 10.40 0 0
12.22 2 0 10.42 2 0
12.23 1 0 10.45 0 0
12.24 0 0 10.47 0 0
12.25 0 0 10.49 0 0
12.28 0 0 10.51 0 0
12.29 0 0 10.53 1 0
12.30 0 0 10.55 0 0
12.32 0 0 10.58 0 0
12.33 0 0 11.01 0 0
12.34 0 0 11.03 0 0
12.35 0 0 11.06 1 0
12.36 0 0 11.08 0 0
12.37 0 0 11.10 0 0
24-mar 25-mar
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Appendix B 
 
 
 
 
 
 
sample sediment weight dry weight starting time sample taken at nr nauplii dead sample taken at nr nauplii dead
0*1 4,5 1,04 11.11 11.03 0 0 8.55 0 0
0*2 5,45 1,26 11.12 11.06 0 0 8.57 0 0
0*3 4,8 1,11 11.13 11.08 0 0 8.58 0 0
0*4 4,88 1,13 11.14 11.10 0 0 8.59 0 0
1*1 3,77 0,87 11.15 11.11 0 0 9.03 0 0
1*2 4,37 1,01 11.16 11.12 0 0 9.05 0 0
1*3 3,74 0,87 11.17 11.14 0 0 9.06 0 0
1*4 4,87 1,13 11.18 11.16 0 0 9.08 0 0
7*1 5,38 1,25 11.19 11.18 0 0 9.09 0 0
7*2 5,92 1,37 11.20 11.19 0 0 9.11 0 0
7*3 3,48 0,81 11.21 11.20 0 0 9.13 0 0
7*4 7,13 1,65 11.22 11.22 0 0 9.16 0 0
15*1 4,02 0,93 11.23 11.22 0 0 9.18 0 0
15*2 4,68 1,08 11.24 11.24 0 0 9.20 0 0
15*3 4,07 0,94 11.25 11.25 0 0 9.25 0 0
15*4 3,07 0,71 11.26 11.17 0 0 9.27 0 0
30*1 6,72 1,56 11.27 11.29 0 0 9.30 0 0
30*2 6,33 1,47 11.28 11.29 0 0 9.32 0 0
30*3 4,45 1,03 11.29 11.30 0 0 9.34 0 0
30*4 6,46 1,50 11.30 11.31 0 0 9.36 0 0
40*1 5,63 1,30 11.31 11.33 0 0 9.38 0 0
40*2 6,87 1,59 11.32 11.35 0 0 9.40 0 0
40*3 6,24 1,45 11.33 11.36 0 0 9.42 0 0
40*4 5,16 1,20 11.34 11.38 0 0 9.43 0 0
01-apr 02-apr
sample taken at nr nauplii dead sample taken at nr nauplii dead
11.32 3 0 10.39 0 0
11.33 2 0 10.40 0 0
11.34 7 0 10.41 0 0
11.35 4 0 10.42 0 0
11.36 0 0 10.43 0 0
11.38 5 0 10.44 0 0
11.39 4 0 10.45 0 0
11.40 15 0 10.46 0 0
11.41 13 0 10.47 0 0
11.42 30 0 10.48 0 0
11.43 9 0 10.49 0 0
11.44 41 0 10.50 0 0
11.45 5 0 10.51 0 0
11.46 4 0 10.52 0 0
11.47 15 0 10.53 0 0
11.48 22 0 10.54 0 0
11.49 10 0 10.55 0 0
11.50 23 0 10.56 0 0
11.51 27 0 10.57 0 0
11.52 8 0 10.58 0 0
11.53 3 0 10.59 0 0
11.54 1 0 11.00 0 0
11.55 2 0 11.01 0 0
11.56 6 0 11.02 0 0
03-apr 07-apr
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Appendix C 
 
IMPORT successfully completed. Processed 2 variables and 24 cases. 
 
▼Probability Plot 
 
 
 
 
▼Fitting Continuous Distribution 
 
 
Variable Name : C2 
 
Distribution : Normal 
 
Estimated Parameter(s) 
 
Location or Mean (mu) : 10,792 
Scale or SD (sigma) : 10,412 
 
Estimation of Parameter(s): Maximum Likelihood Method 
 
Test Results 
 
WARNING Chi-square test results may not be good for this sample size. 
 
Kolmogorov-Smirnov Test Statistic : 0,197 
Lilliefors Probability : 0,017 
 
Shapiro-Wilk Test Statistic : 0,834 
p-Value : 0,001 
 
▼Nonparametric: Kruskal-Wallis Test 
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Kruskal-Wallis One-way Analysis of Variance for 24 Cases 
 
The categorical values encountered during processing are 
 
Variables Levels 
C1$ (6 levels)s0s1s15s30s40
  s7        
 
Dependent Variable C2 
Grouping Variable  C1$
 
GroupCountRank Sum
s0 4 30,000 
s1 4 38,000 
s15 4 57,000 
s30 4 73,000 
s40 4 23,000 
s7 4 79,000 
 
Kruskal-Wallis Test Statistic: 13,507 
The p-value is 0,019 assuming chi-square distribution with 5 df. 
 
Conover-Inman Test for All Pairwise Comparisons 
 
Group(i)Group(j)Statisticp-Value 
s0 s1 0,552 0,588 
s0 s15 1,862 0,079 
s0 s30 2,966 0,008 
s0 s40 0,483 0,635 
s0 s7 3,380 0,003 
s1 s15 1,310 0,207 
s1 s30 2,414 0,027 
s1 s40 1,035 0,315 
s1 s7 2,828 0,011 
s15 s30 1,104 0,284 
s15 s40 2,345 0,031 
s15 s7 1,517 0,147 
s30 s40 3,449 0,003 
s30 s7 0,414 0,684 
s40 s7 3,862 0,001 
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Appendix D 
 
IMPORT successfully completed. Processed 2 variables and 24 cases. 
 
▼Probability Plot 
 
 
 
 
▼Fitting Continuous Distribution 
 
 
Variable Name : C1 
 
Distribution : Normal 
 
Estimated Parameter(s) 
 
Location or Mean (mu) : 3,583 
Scale or SD (sigma) : 2,581 
 
Estimation of Parameter(s): Maximum Likelihood Method 
 
Test Results 
 
WARNING Chi-square test results may not be good for this sample size. 
 
Kolmogorov-Smirnov Test Statistic : 0,256 
Lilliefors Probability : 0,000 
 
Shapiro-Wilk Test Statistic : 0,838 
p-Value : 0,001 
 
▼General Linear Model 
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Effects coding used for categorical variables in model. 
The categorical values encountered during processing are 
 
Variables Levels 
C2$ (6 levels)s0s1s15s30s40
  s7        
 
Dependent VariableC1 
N 24 
Multiple R 0,654
Squared Multiple R 0,428
 
 
Estimates of Effects B = (X'X)-
1X'Y 
Factor Level C1 
CONSTANT  3,583 
C2$ s0 -1,583 
C2$ s1 -2,083 
C2$ s15 0,167 
C2$ s30 2,917 
C2$ s40 1,167 
 
Analysis of Variance 
SourceType III SS df Mean SquaresF-Ratio p-Value
C2$ 68,333 5 13,667 2,689 0,055 
Error 91,500 18 5,083     
 
Least Squares Means 
FactorLevel LS Mean Standard ErrorN 
C2$ s0 2,000 1,127 4,000
C2$ s1 1,500 1,127 4,000
C2$ s15 3,750 1,127 4,000
C2$ s30 6,500 1,127 4,000
C2$ s40 4,750 1,127 4,000
C2$ s7 3,000 1,127 4,000
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WARNING  
 
Case 22 is an Outlier (Studentized Residual : 3,378) 
 
Levene's Test for Homogeneity of 
Variances 
  Test Statistic p-Value 
Based on Mean 1,705 0,184 
Based on Median 0,656 0,661 
 
Durbin-Watson D-Statistic 2,658 
First Order Autocorrelation-0,376
 
Information Criteria 
AIC 114,228 
AIC (Corrected)121,228 
Schwarz's BIC 122,474 
 
▼Hypothesis Tests 
 
 
Post Hoc Test of C1 
Using least squares means. 
Using model MSE of 5,083 with 18 df. 
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Tukey's Honestly-Significant-Difference Test 
C2$(i) C2$(j) Difference p-Value 95% Confidence Interval
        Lower Upper 
s0 s1 0,500 1,000 -4,567 5,567 
s0 s15 -1,750 0,876 -6,817 3,317 
s0 s30 -4,500 0,099 -9,567 0,567 
s0 s40 -2,750 0,534 -7,817 2,317 
s0 s7 -1,000 0,987 -6,067 4,067 
s1 s15 -2,250 0,720 -7,317 2,817 
s1 s30 -5,000 0,054 -10,067 0,067 
s1 s40 -3,250 0,360 -8,317 1,817 
s1 s7 -1,500 0,930 -6,567 3,567 
s15 s30 -2,750 0,534 -7,817 2,317 
s15 s40 -1,000 0,987 -6,067 4,067 
s15 s7 0,750 0,997 -4,317 5,817 
s30 s40 1,750 0,876 -3,317 6,817 
s30 s7 3,500 0,287 -1,567 8,567 
s40 s7 1,750 0,876 -3,317 6,817 
 
 
